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Abstract. Congenital Chagas disease (CCD) has become a global health problem. Historically, the diagnosis of CCD
has been carried out using parasitological methods and traditional serological techniques, however, new serological
techniques such as chemiluminescent microparticle immunoassays (CMIA) have been developed in the last few years
with many advantages compared with traditional serological tests. A total of 75 children born to 72 Latin American
Chagas-infected mothers were consecutively enrolled and studied by CMIA and indirect immunofluorescence (IIF) at
0–2, 6, 9, and 12 months of age. At the end of the follow-up, 74 out of 75 children were considered uninfected and one
child was diagnosed with CCD. Our study emphasizes the need to carry out serological follow-up on every newborn
from a mother with Chagas disease and shows that CMIA assay is a great diagnostic tool as a single serological test at
9months of age to rule out CCD or to identify possible transmission.

INTRODUCTION

Chagas disease (CD) is a parasitic zoonosis caused by the
protozoan Trypanosoma cruzi. This disease affects around 6
million people worldwide, most of them in Latin American
countries where this disease is endemic.1,2 As a result of
globalization, CD has been spread around the world. It has
been estimated that the majority of CD cases in nonendemic
countries are located in the United States and Europe with
.300,000 and. 80,000 infected individuals, respectively.3

In nonendemic countries, given the absence of vectors
and the existence of directives that regulate the screening of
CD in blood transfusions and organ donors, congenital
transmission is the main route of T. cruzi infection, and it has
emerged as a public health problem and a great challenge to
deal with. Taking into account that the majority of congenital
Chagas disease (CCD) cases are asymptomatic or present
nonspecific signs,4 it has become necessary to perform
T. cruzi screening in every newborn of an infected mother to
rule out mother-to-child transmission. Screening strategies
to diagnose Chagas disease in pregnant women have
already been officially implemented in some European coun-
tries, like Spain and Italy.5–7

Historically, CCD diagnosis has been carried out using par-
asitological methods such as microhaematocrit and haemo-
culture in the first months of life, however, the sensitivity of
these techniques has proven to be low.8,9 Recently, molecu-
lar methods have been developed allowing an early diagnosis
with higher sensitivity.8,10–13 Regardless of these techniques,
serological studies should be performed to confirm complete
clearance of maternal antibodies and the absence of infec-
tion at 10 months of life according to WHO criteria.14 Indirect
immunofluorescence (IIF), indirect hemagglutination (IHA),
and ELISA have traditionally been used for this purpose. New
serological techniques such as chemiluminescent microparti-
cle immunoassays (CMIA) and electrochemiluminescence

immunoassays (ECLIA) have been developed in the last few
years with many advantages compared with traditional sero-
logical tests. The automation and use of recombinant anti-
gens of these new techniques have proved to be more sensi-
tive and have less cross-reaction than crude antigen-based
assays.15 However, these techniques remain logistically and
economically prohibitive for resource-limited settings.3

The aim of this study was to evaluate the usefulness of
CMIA as a single technique for the diagnosis of CCD in a
cohort of children born in a nonendemic country, with the
main objective of establishing the optimal time period for
performing serological tests.

MATERIALS AND METHODS

Patients and sample collection. The study was carried
out on 75 children born to 72 Latin American Chagas-
infected mothers, who attended the Tropical Medicine Unit
of Virgen de la Arrixaca Hospital in Murcia (Spain) from Sep-
tember 2011 to February 2019. The diagnosis of CD in moth-
ers was carried out using two serological tests according to
the WHO criteria.1 The majority of them came from Bolivia
(97%) and ranged in age from 21 to 43 (mean6SD age,
32.565.1). One mother gave birth to twins and two mothers
became pregnant twice during the study period. All children
were born in Spain so we can rule out all routes of transmis-
sion other than congenital ones.
The protocol followed for CCD diagnosis has been previously

reported by Sim�on and others.9 Briefly, cord blood (8 mL) at
birth and peripheral blood (2 mL) at 1 month of age were col-
lected. From these samples, 0.5 mL of blood was used for
microhaematocrit tests. The remaining blood was immediately
mixed with an equal volume of lysis buffer containing 6 M gua-
nidine hydrochloride and 200 mM ethylenediaminetetraacetic
acid (EDTA) pH 8 and was stored at 4�C (for at least 48 hours)
for genomic DNA isolation. In reference to serology testing, the
protocol includes a sample at 0–2 months, 6 months, 9 months,
and 12months of age. Twomilliliter of serum samples from chil-
dren were collected at each of these time points.
Children were considered uninfected when two serology

tests were negative at any time, and infected, if both
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remained positive at 12 months of age or parasitological
results were positive at birth and at 1 month of age. If CCD
infection was detected, children were treated with benznida-
zole 10 mg/kg body weight per day for 60 days.

Serological methods. Both the mother and child’s serum
samples were tested for the presence of T. cruzi antibodies
by CMIA and IIF assay.
The CMIA Architect Chagas assay (ARCHITECT ChagasVR ,

Abbott, IL) is based on recombinant proteins FP3, FP6,
FP10, and TcF. These four proteins include 14 different anti-
genic regions and represent the three morphologies of the
parasite (amastigote, trypomastigote, and epymastigote).
Chemiluminescence is measured in relative light units
(RLUs). The assay results are presented as a ratio of the
specimen signal (in RLUs) to the cut-off value (S/CO), where
S/CO values of , 0.8 are considered negative, values of $ 1
positive, and the gray zone was from$ 0.8 to, 1.
The IIF test (CHAGAS IFI IgG1IgMVR , Vircell Microbiologist,

Spain) uses T. cruzi epymastigotes as antigens. Sera were
analyzed at two dilutions: 1:80 and 1:160, and titers equal to
or above 1:80, were considered positive.
Both assays were performed according to the manufac-

turer’s instructions.
Parasitological methods. Microhaematocrit testing was

performed as described by Feilij and others.15 For DNA
detection, the guanidine-EDTA blood mixture was boiled for
15 minutes and DNA extraction was carried from a 400-mL
blood sample using the Maxwell 16 Blood DNA Purification
Kit (Promega Biotech Iberica, Madrid, Spain), according to
the manufacturer’s instructions. Polymerase chain reaction
(PCR) detection of the T. cruzi kDNA using primers 121 (59-A
AATAATGTACGGGKGAGATGCATGA-39) and 122 (59-GTTC
GATTGGGGTTGGTGTAATATA-39) was carried out under
the previously reported conditions.16

Statistical analyses. The results were analyzed using
IBM SPSS Statistics 23.0. Differences in means (�x) among
groups were examined using Student’s t test. P values
,0.05 were considered to be statistically significant.

Bioethical criteria. The study was reviewed and
approved by the Ethical Committee of the Virgen de la
Arrixaca Hospital. Informed consent forms were signed by
parents after detailed interviews.

RESULTS

Seventy-two infected mothers and 75 newborns were
studied by CMIA at delivery. Their mean S/CO values were
8.78 and 8.74, respectively. No statistically significant

difference was found between the mean values of the moth-
ers and their children (P5 0.84).
At the end of the follow-up, 74 out of 75 children were

considered uninfected (PCR, microhaematocrit, CMIA, and
IIF tests were negative) and one child was diagnosed with
CCD (the CMIA and IIF tests were positive at 10 months of
age and PCR was positive at 14 months of age).
Uninfected children were classified into three groups

according to the time of seronegativization by CMIA: 1)
patients with a negative CMIA result at 6 months; 2) patients
with a negative CMIA result at 9 months; and 3) patients with
a negative CMIA result at 12 months (Table 1).

Serological follow-up of uninfected children. Serologi-
cal follow-up of 74 uninfected children showed a
sustained decrease in maternal antibodies until negativiza-
tion. The CMIA assay showed seronegativization in 18 chil-
dren at the age of 6 months (Group A), 24 at the age of 9
months (Group B), and 32 at the age of 12 months (Group
C). The mean values of CMIA for each group at different
points of time are shown in Table 1. In the case of group C,
CMIA values were calculated using data for 24 children at 6
months and 10 children at 9 months because of the absence
of serum samples.
The three groups of children were compared according to

the mean value of CMIA at different time points (0–2, 6, 9,
and 12 months of age). At birth and at 6 months, the mean
S/CO of children from group A was lower than in group B
and C (P , 0.05) and there were no statistically significant
differences between group B and C (P 5 0.76). Nonetheless,
at 9 months of age a statistically significant difference was
detected between the mean S/CO of children from group B
and C (P, 0.05).
Our results show that 27% (18/66) of children at 6 months

no longer had specific T. cruzi antibodies according to CMIA,
increasing to 81% (42/52) at 9 months, and none of them (74/
74) at 12 months. The IIF test was carried out in parallel show-
ing that 84% (47/56) of children were negative at 6 months
and all children were negative at 9–12 months of age.

Congenital Chagas case. The infected child and her
mother were studied by CMIA at delivery, with S/CO values
of 10.97 and 10.11, respectively. The patient was diagnosed
with an S/CO value of 6.74 and an IIF titer higher than 1:160
at 10 months of age. The child was born at term and did not
show any clinical manifestations of symptomatic CCD.
Microhaematocrit and PCR at birth and at 1 month of age
were negative. After diagnosis, the complementary tests
performed (hemogram, biochemical, and cardiovascular
studies) did not show any alterations.

TABLE 1
Mean values of serological follow-up of uninfected children and their mothers measured by CMIA and number of samples for each group

according to the time of seronegativization

Age
Mothers 0–2 months 6 months 9 months 12 months

(S/CO6SD) (S/CO6SD) (S/CO6SD) (S/CO6SD) (S/CO6SD)

Group A 7.066 2.09 6.6461.99 0.436 0.32 * *
(N 5 18)
Group B 9.476 1.28 9.4462.27 2.776 1.25 0.4060.25 *
(N 5 24)
Group C 9.986 2.41 9.6162.35 3.686 2.60 1.7060.76 0.146 0.19
(N 5 32) (N 5 24) (N 5 10)

CMIA5 chemiluminescent microparticle immunoassays.
* End of follow-up.

GIL-GALLARDO AND OTHERS1702



The serological follow-up of the infected child revealed a
sustained decrease in antibodies from birth to the test at 6
months; an unexpected increase in the CMIA value and IIF
titer at the age of 9 months was observed with an increment,
which continued until 12 months (Figure 1). At 6 months of
age, there was no difference between the infected child
(S/CO 2.44) and uninfected children from group B and C
(S/CO 3.19). However, a clear difference was observed at 9
months between infected and uninfected children (S/CO
6.74 and S/CO 0.61, respectively).
After diagnosis, the child was treated and no side effects

were observed. Serological follow-up was performed before
treatment and at 1 year posttreatment with an S/CO value of
7.11 and 5.48 and an IIF titer of 1:160 and 1:80, respectively.

DISCUSSION

Traditionally, serological diagnosis of CCD has been per-
formed using two different assays (ELISA, IHA, or IIF) con-
sidering a child to be infected if both assays were positive at
10 months of age or later.4 Nowadays, it is still necessary to
perform these two conventional serological tests to confirm
Chagas disease as a result of cross reactivity of these
techniques with other parasites and the absence of optimal
diagnostic sensitivity. Recently, fully automated serological
assays with higher sensitivity and high throughput have
been developed.17–19 These new assays are based on
recombinant antigens and use chemiluminescence or elec-
trochemiluminescence technology to detect T. cruzi antibod-
ies in serum samples. ARCHITECTVR Chagas (ABBOT),
Chagas LIAISONVR (DIASORIN), and ElecsysVR Chagas
(ROCHE) are the most commonly used assays in nonen-
demic countries, showing higher sensitivity than those based
on crude antigen.17,18

The use of CMIA to diagnose both mothers and children
has recently been recommended by the WHO Technical
Group on “Prevention and Control of Congenital Transmis-
sion and Case Management of Congenital Infections with
Trypanosoma cruzi” for screening as a stand-alone test,14

even though positive results must be confirmed by conven-
tional serological tests. Some studies about the utility of
CMIA for the diagnosis of CCD have already been

published;18,19 however, studies concerning its usefulness
for the diagnosis of CCD are scarce.20 In this study, we want
to evaluate CMIA assay performance for the screening of
CCD.
The results obtained using CMIA show that children who

clear out maternal antibodies at 6 months had lower CMIA
mean values at birth (6.64) than those who were still positive
until 9–12 months of age (9.44 and 9.61, respectively). It is
reasonable to assume that the lower the CMIA values chil-
dren have at birth, the faster the maternal antibodies will dis-
appear. Therefore, the CMIA values of children at birth could
be used for predicting the time at which uninfected children
will clear maternal antibodies.
According to other studies, maternal antibodies can be

detected by CMIA assay for a longer period of time than by
the IIF test.18 Approximately 73% (48 out of 66) of uninfected
children had a positive CMIA assay at 6 months of age and
19% (10/52) at 9 months although S/CO values were close
to cut-off point (1.760.76). On the other hand, only 16% (9/
56) of uninfected children had a positive IIF result at 6
months and at 9 months of age all IIF results were negative.
Because of CMIA high sensitivity, its use for the diagnosis

of CCD has been controversial. It has been reported that
maternal antibodies are detected for a longer period of time
with CMIA assay; therefore, to observe complete clearance
of antibodies, this assay should be performed at a later age
than IIF studies.20

Our study shows that a drop in IgG antibodies measured
by CMIA and IIF occurs in both groups of children, infected
and uninfected, from birth to 6 months of life. Trypanosoma
cruzi antibodies measured by CMIA were similar for unin-
fected children and the infected child at 6 months (S/
CO6SD 3.1962.60 and S/CO 2.44, respectively). It is at
the 9th month of life when an increase in the specific anti-
body titers in the infected child (S/CO 6.74) and a decrease
(S/CO6SD 1.7060.76) or negativization of antibodies in
uninfected children are both observed. These data support
our diagnostic algorithm: if serological studies were per-
formed at 6 months of age to distinguish between infected
and uninfected children, it would be nearly impossible to
make the distinction since maternal antibodies are still pre-
sent and could lead us into a false positive result. Therefore,

FIGURE 1. Evolution of CMIA values (S/CO) and IIF values (1/titer) of congenital Chagas case and uninfected children.
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our recommendation would be to perform a CMIA test at 9
months of age; if negative, the child does not have CCD; and
if positive, an IIF test should be performed to confirm the
diagnosis.
One of the limitations of this study was that only one

infected child was followed up by CMIA, and no other cases
have been described previously because of the majority of
children being diagnosed with less than 1 year by direct
methods and these are treated to avoid loss of follow-up.9 In
the present study, a large number of uninfected children
were studied and, to our knowledge, this is the first infected
child follow-up by CMIA from birth to 12 months of age,
which represents a step forward in the knowledge of the
evolution of antibodies measured by CMIA. In future, how-
ever, it would be necessary to study a greater number of
infected children to corroborate these findings.
Although this article focuses on serological techniques,

the diagnosis algorithm used in our hospital includes the
performance of direct techniques (microhaematocrit, PCR)
at birth and at 1 month of life. These techniques have less
sensitivity than serological methods and false negative
results have already been published.21 In our congenital
Chagas case, PCR at birth and at 1 month of age were nega-
tive, so the diagnosis was made at 10 months of age by
CMIA and by IIF.
Congenital infection could be acquired at any stage of

pregnancy; so these false negative results by PCR may be
resulting from a later acquisition of the disease, near to child-
birth or even as a result of perinatal transmission, which
might modify parasitemia.22 With that in mind, performing
serological studies on every newborn at risk is highly recom-
mended to avoid increasing undiagnosed infected children.
Early diagnosis of CCD, particularly before the first year of

life, is crucial because the treatment is well tolerated with
few or no side effects and its effectiveness is nearly
100%;4,23,24 when the treatment is delayed beyond the first
age of life, the time of seronegativization is longer, and the
disease progresses decreasing the treatment tolerance and
the cure rate.25

Regarding the infected child, the treatment was delayed
after diagnosis because of the time taken to contact their
parents and the bureaucracy needed to get benznidazol.
Despite all these difficulties, the patient was treated at 14
months decreasing his S/CO value from 7.11 to 5.48 and his
IIF titer from 1:320 to 1:80 in 1 year, which indicates an ade-
quate therapeutic response and the potential elimination of
the parasite.

CONCLUSION

Our study emphasizes the need to carry out serological
follow-up on every newborn from a mother with CD, and
suggests that CMIA assay could be a useful diagnostic tool
as a single serological test at 9 months of age to rule out
CCD or to identify possible transmission; although, further
evaluations should be necessary to confirm and validate the
results.
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